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PREFACE 


The  tests  described  in  this  report  were  accomplished  by 
the  Escape  and  Impact  Protection  Branch,  Biodynamics  and 
Biocommunications  Division,  Crew  Systems  Directorate  of  the 
Armstrong  Laboratory.  The  tests  were  conducted  under  Workunit 
72313101. 

The  impact  facilities,  data  acquisition  equipment,  and 
data  processing  system  were  operated  by  the  Scientific  Division 
of  DynCorp  under  Air  Force  contract  F33615-86-C-0531 .  Mr 
Marshall  Miller  was  the  Engineering  Supervisor  for  DynCorp.  Mr 
Steve  Mosher  of  DynCorp  did  the  computer  programming  required 
for  the  data  analysis. 
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INTRODUCTION 


Background 

The  maximum  safety  factor  in  the  operation  of  a  manned 
escape  system  is  achieved  when  the  system  is  ejected  from  the 
cockpit  as  rapidly  as  possible  in  order  to  clear  the  empennage 
of  the  aircraft.  However,  physiological  limitations  associated 
with  spinal  loads  on  the  occupant  dictate  an  upper  bound  on  the 
acceleration  levels  of  the  escape  system.  The  optimum 
acceleration-time  history  of  the  escape  system  is  that  time 
history  which  leads  to  maximum  escape  velocity  and  escape 
distance  achievable  within  the  acceleration  limits  allowable  on 
the  occupant  (Payne  and  Shaffer,  1974) . 

In  March  of  1990  the  Escape  and  Impact  Protection  Branch 
of  Armstrong  Laboratory  (AL/CFBE)  conducted  a  series  of  tests 
using  the  large  ADAM  manikin  on  the  Vertical  Deceleration  Tower 
(VDT)  to  collect  preliminary  data  for  a  follow-on  test  program 
with  human  subjects  (Strzelecki,  1990) .  Dynamic  preload  was 
induced  by  blades  attached  to  the  carriage  shearing  aluminum 
blocks  attached  to  the  rails.  These  tests  examined  the  effect 
of  time  separation  between  the  preload  and  main  plunger 
decelerations . 

The  tests  showed  that  chest  acceleration.  Dynamic  Response 
Index  (DRI) ,  seat  pan  load,  and  head  acceleration  all  varied 
with  pulse  separation. 

A  computer  simulation  was  then  run  which  varied  the 
amplitudes  and  separations  of  the  acceleration  peaks  in 
simulated  time  histories  to  determine  what  parameters  would 
provide  a  maximum  displacement  change  versus  a  case  with  a  6  G 
peak  acceleration  where  no  preload  was  present,  in  the  same 
amount  of  time,  and  with  no  greater  DRI. 

The  results  of  the  simulations  showed  that  the  optimum 
parameters  for  testing  which  met  these  criteria  were: 

Preload  pulse  amplitude  =  10  G 

Main  plunger  Deceleration  amplitude  =  8  G 

Preload/Main  plunger  pulse  separation  =  0.070  seconds 

These  parameters  were  expected  to  produce  the  same  DRI 
(and  thus  the  same  injury  potential)  as  a  6  G  drop  with  no 
preload  on  the  VDT.  The  benefit  of  the  preload  would  be  a  50% 
increase  in  theoretical  escape  displacement  versus  the  6  G  case 
in  the  same  time. 

A  further  series  of  tests  was  conducted  later  to  determine 
what  shear  block  size  and  carriage  drop  height  were  required  to 
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produce  the  optimum  acceleration  profile  determined  from  the 
computer  model. 


The  test  program  documented  here  is  based  on  the  results 
of  this  previous  work,  which  is  documented  in  AAMRL-TR-90-075, 
"The  Effect  of  Pulse  Separation  on  Subject  Response  Using  a 
Dynamic  Preload  Device". 


Objectives 

This  test  program  had  three  main  issues  to  address: 

(1)  Will  the  use  of  dynamic  preload  significantly 
increase  the  theoretical  escape  displacement  possible  versus  an 
acceleration  pulse  with  no  preload  for  a  given  allowable  DRI? 

(2)  How  much  variability  can  be  expected  in  the 
dynamic  response  of  human  subjects  to  the  test  conditions? 

(3)  Does  the  Advanced  Dynamic  Anthropomorphic  Manikin 
(ADAM)  have  a  response  to  the  test  conditions  similar  to  that 
of  humans? 
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TEST  METHODS 


Facilities  and  Procedures 

The  tests  were  conducted  using  the  VDT.  This  device 
consists  of  a  carriage  constrained  to  vertical  motion  between 
two  guide  rails  by  means  of  guide  wheels  on  the  carriage. 
Attached  to  the  carriage  is  a  metal  plunger  aligned  with  a 
floor-mounted  water  cylinder. 

To  conduct  a  test,  the  carriage  is  hoisted  to  a 
predetermined  height  and  released.  The  carriage  falls,  guided 
by  the  rollers  and  rails,  until  the  plunger  strikes  the  open 
face  of  the  water  cylinder.  Compression  and  displacement  of 
the  water  in  the  cylinder  decelerate  the  carriage.  In  this 
program  plunger  102  was  used.  This  plunger  generates  a 
deceleration  pulse  with  an  approximately  half-sine  waveform. 

Attached  to  the  front  face  of  a  carriage  was  a  generic 
seat  with  a  headrest.  The  seat  geometry  conformed  to  MIL-S- 
9479B  (USAF)  except  that  the  included  angle  between  the  seat 
pan  and  backrest  planes  was  90  degrees.  The  included  angle 
between  the  seat  back  plane  and  acceleration  axis  was  zero 
degrees  (i.e.,  vertical).  The  seat  was  instrumented  to  provide 
accelerations  and  seat  pan  loads. 

The  restraint  harness  used  consisted  of  a  pair  of  shoulder 
straps  tying  into  a  generic  lap  belt  at  the  belt  buckle.  The 
ends  of  the  harness  system  were  attached  to  triaxial  load  cells 
which  served  as  anchor  points.  For  each  test,  after  the  test 
subject  was  strapped  in,  the  harness  system  was  preloaded  to  20 
+  5  lb  as  measured  at  each  of  the  load  cells. 

The  test  subjects  were  human  volunteers  and  the  large 
(approximately  95th  percentile)  prototype  ADAM  manikin  weighing 
218  lb  and  instrumented  to  provide  neck  and  lumbar  loads.  All 
subjects  were  instrumented  to  provide  chest  accelerations  (by 
means  of  an  accelerometer  array  on  a  velcro  belt  wrapped  around 
the  chest)  and  head  accelerations  (for  humans  by  means  of  a 
bite  block  with  an  accelerometer  array  attached) .  Subjects 
were  dressed  in  a  flight  suit,  gloves,  BDU  boots,  HGU-55/P 
helmet  (with  visor  down) ,  and  goggles  under  the  visor. 

The  preload  deceleration  pulse  was  provided  by  a  device 
designed  by  Survival  Engineering  Corporation  of  Asheville, 

North  Carolina  (SEC,  1987) .  Attached  to  each  side  of  the 
carriage  is  a  blade  with  a  vertical  adjustment  capability  of 
two  inches  up  or  down.  Attached  to  the  VDT  rail  on  each  side 
of  the  carriage  is  a  magazine  containing  a  shear  sample  holder 
and  a  shear  sample.  For  this  test  program  the  shear  samples 
were  made  from  7075-T6  aluminum  blocks  6.8  inches  long.  The 
block  cross  section  was  1.50  inches  by  0.75  inches.  A  0.75 
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inch  wide  channel  was  milled  out  of  the  length  of  the  block 
leaving  a  web  thickness  of  0.55  inches.  Figure  A-5  (Appendix 
A,  page  A-26)  shows  a  shear  sample  and  shear  sample  holder. 
Attached  to  the  bottom  of  the  shear  sample  holder  in  the 
figure  are  shims  which  allow  an  adjustment  of  the  vertical 
position  of  the  shear  sample  of  up  to  1.75  inches. 

In  this  test  series  the  blades  were  at  the  "high" 
position  (maximum  height  on  the  carriage) ,  and  the  sample 
holder  shim  height  was  0.25  inches.  Figure  A— 6  (Appendix  A, 
page  A-27)  shows  the  complete  test  setup. 

Each  subject  was  exposed  to  three  test  conditions: 

Cell  A  was  a  6  G  drop  with  no  preload  pulse 

Cell  B  was  a  10  G  preload  pulse  followed  70  msec  later 
by  an  8  G  main  plunger  pulse 

Cell  C  was  an  8  G  drop  with  no  preload  pulse 

Measurements  taken  during  the  impact  tests  included 
carriage  and  seat  acceleration,  seat  and  restraint  anchor 
forces,  head  and  chest  accelerations,  and  manikin  lumbar  and 
neck  forces. 


Electronic  Data  Acguisition  System 

Both  data  acquisition  and  processing  requirements  were 
satisfied  using  the  system  described  in  Appendix  A. 
Electronic  equipment  mounted  on  the  carriage  was  used  to 
amplify,  filter,  and  encode  the  data  from  all  data  channels 
into  a  digital  format  (pulse  code  modulated) ,  which  was  then 
transmitted  via  an  umbilical  cable  to  a  word  formatter.  The 
word  formatter  reformatted  the  serial  data  into  parallel 
data,  which  were  then  routed  to  a  VAX  computer  for  storage 
and  analysis. 


Video  System 

No  high  speed  on  board  video  or  SELSPOT  data  were 

the  tests  as  the  camera  mount  was  removed  to 
minimize  off— axis  vibration.  A  Kodak  video  system  was 
located  off-board  to  record  the  impacts.  This  system  is 
described  in  Appendix  A. 

Data  Processing 

Data  from  each  test  were  reduced  in  a  standardized 
format.  Reduced  electronic  data  are  available  for  review 
within  Appendix  B.  Computer  summaries  provide  relevant 
maxima  and  minima  for  all  recorded  signals.  Relevant  sums 
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and  times  were  also  computed.  The  sums  of  the  measured 
forces  are  the  maximum  value  of  continuously  summed 
measurements.  Scaled  plots  of  selected  signals  and  computed 
resultants  were  also  provided. 
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RESULTS 


The  Effect  of  Dynamic  Preload  on  Human  Response  to  Impact 

Eleven  human  subjects  completed  tests  at  all  three 
cells.  Three  subjects  were  tested  twice  at  Cell  B  when  the 
initial  test  produced  a  low  preload.  Testing  was  terminated 
when  the  shear  blades  failed. 

Table  1  summarizes  the  tests  conducted  in  this  study. 

TABLE  1.  TEST  NUMBERS  OF  TESTS  CONDUCTED 
IN  SUPPORT  OF  THIS  STUDY 


SUBJECT 

CELL  A 

CELL  B 

CELL 

CIO 

2709 

2721 

2717 

B1 

2698 

2740 

2691 

L9 

2692 

2728 

2699 

03 

2695 

2731 

2708 

F6 

2686 

2727 

2707 

A4 

2684 

2719 

2703 

S13 

2682 

2735 

2694 

H12 

2701 

2733 

2722 

G9 

2704 

2720/2739 

2714 

A5 

2687 

2732/2743 

2710 

C9 

2683 

2729/2742 

2702 

ADAM-L 

2679 

2678 

2680 

The  parameters  for  the  Cell  B  acceleration  pulse  were 
calculated  based  on  idealized  geometric  components  —  the 
preload  pulse  was  modelled  as  an  isosceles  triangle  and  the 
main  plunger  pulse  as  a  half— sine  wave.  The  actual  pulse 
shape  varied  from  this  ideal  somewhat  so  that  the  DRI 
calculated  from  the  Cell  B  acceleration  pulse  is  not  the  same 
as  that  of  the  Cell  A  pulse.  Furthermore,  due  to  natural 
variability  in  the  shear  samples  and  other  causes,  the  peak 
acceleration  achieved  in  the  preload  pulse  of  Cell  B  varied 
somewhat,  causing  variations  between  Cell  B  tests  in  the  DRI 
calculated. 


Table  2  summarizes  the  peak  accelerations  and  calculated 
DRI 's  for  each  test.  Because  the  seat  Z  accelerations 
contain  a  high  freguency  component  to  which  the  DRI  is 
insensitive  and  which  causes  difficulty  in  specifying  a 
"peak"  acceleration  for  comparison  purposes,  the  peak 
accelerations  listed  in  the  table  are  from  data  filtered  at 
30  hz . 


For  the  human  subjects  as  a  group,  the  mean  peak  seat  z 
acceleration  for  Cell  A  is  6.04  G  with  a  standard  deviation 
of  0.03.  The  corresponding  mean  DRI  is  7.39  with  a  standard 
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deviation  of  0.03.  Test  2683  is  taken  as  representative  of 
all  Cell  A  tests,  and  is  shown  filtered  in  Figure  1. 
Integrating  the  unfiltered  pulse  over  the  interval  shown 
gives  a  velocity  change  of  248.5  in/sec  and  displacement  of 
21.5  inches. 


TABLE  2.  PEAK  SEAT  Z  ACCELERATIONS  AND  CALCULATED  DRIs 


SUBJECT 

CELL  A 

CELL  B 

CELL  C 

PEAK 

G 

DRI 

PRELOAD 
PEAK  G 

PLUNGER 
PEAK  G 

DRI 

PEAK 

G 

DRI 

CIO 

6.07 

7.42 

9.48 

8.38 

8.59 

8.26 

10.40 

B1 

6.09 

7.43 

10.91 

7.83 

7.83 

8.29 

10.50 

L9 

6.05 

7.40 

7.08 

8.25 

8.39 

8.18 

10.35 

03 

6.07 

n 

10.12 

7 . 90 

7.93 

8.21 

10.40 

F6 

6.02 

■a 

9.97 

8.39 

8.55 

8.14 

10.32 

A4 

5.99 

7.35 

10.25 

8.37 

7.98 

8.12 

10.31 

S13 

6.00 

10.28 

8.27 

7.85 

8.17 

10.33 

H12 

6.09 

7.40 

7.78 

8.46 

8.93 

8.22 

10.36 

G9 

6.03 

7.93 

8.20 

8.29 

8.07 

10.27 

9.16 

8.21 

7 .98 

A5 

6.05 

7.68 

8.58 

8.96 

8 .20 

10.34 

8.13 

8.29 

8.57 

C9 

6.03 

B9 

13.52 

7.97 

9.39 

8.21 

10.40 

8.21 

8.38 

8.62 

MEAN 

6.04 

7.39 

10.02* 

8.19* 

8.10* 

8.19 

10.36 

STD  DEV 

0.03 

0.03 

0.57* 

0.23* 

0.33* 

0.06 

0.06 

ADAM-L 

6.04 

bb 

6.96 

8.05 

8.92 

8.22 

10.39 

*Includes  only  tests  with  9.0  <  Peak  G  <  11.0 


Repeating  this  analysis  for  Cell  C,  the  mean  (x)  peak 
seat  Z  acceleration  for  Cell  C  is  8.19  G  with  a  standard 
deviation  of  0.06  G.  The  corresponding  mean  DRI  is  10.36 
with  a  standard  deviation  of  0.06  G.  Test  2699  is  taken  as 
representative  of  all  Cell  C  tests  and  is  shown  filtered  in 
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TIME  (SEC) 


FIGURE  1.  SEAT  Z  AXIS  ACCELERATION  FOR  CELL  A 
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Figure  2.  Integrating  the  unfiltered  pulse  over  the  same 
time  interval  as  that  of  Figure  3  gives  a  velocity  change  of 
303.4  in/sec  and  displacement  of  28.3  inches. 

Table  2  shows  that  the  Cell  B  preload  peak  G  achieved 
varied  between  tests.  For  those  tests  in  the  range  9.0  < 
Peak  G  <  11.0,  x  for  the  preload  peak  =  10.02  G  with  a 
standard  deviation  of  0.57  G.  x  for  the  main  plunger  peak  = 
8.19  G  with  a  standard  deviation  of  0.23  G.  X  for  the  DRI 
is  8.10  with  a  standard  deviation  of  0.33.  Test  2731  is 
representative  of  this  subset  and  is  shown  filtered  in 
Figure  3.  Integrating  the  unfiltered  pulse  over  the  same 
time  interval  as  that  of  Figure  3  gives  a  velocity  change  of 
344.9  in/sec  and  displacement  of  33.6  inches. 

Table  3  summarizes  these  results. 

TABLE  3.  SUMMARY  OF  RESULTS  FOR  CHARACTERISTIC  TEST 


CELL 

NOMINAL 
PEAK  G 

DRI 

VELOCITY  CHANGE 
IN  0.183  SEC 

DISPLACEMENT 

IN  0.183  SEC 

A 

6 

7. 

4 

248.5  in/sec 

21.5  in 

B 

8* 

8. 

1 

344.9  in/sec 

33.6  in 

C 

8 

10. 

4 

303.4  in/sec 

28.3  in 

*10  G  preload 


The  table  shows  a  significant  potential  improvement  in 
escape  system  performance  is  possible  using  dynamic  preload. 
For  a  given  seat  rocket  acceleration,  incorporation  of 
dynamic  preload  would  allow  a  higher  thrust  to  be  used 
without  increasing  the  risk  of  injury  (as  determined  by  the 
DRI)  . 


The  DRI  is  a  quantity  calculated  from  a  simple  model  of 
spinal  compression.  Data  was  collected  in  this  experiment 
to  show  that  measured  physical  responses  confirm  the  reduced 
potential  for  spinal  injury  indicated  by  the  DRI.  These 
measured  quantities  are  seat  pan  force,  chest  acceleration, 
and  head  acceleration. 

Table  4  gives  the  seat  pan  Z  axis  force  (minus  tare) 
divided  by  subject  weight  for  those  subjects  whose  cell  B 
preload  was  in  the  range  from  8  G  to  12  G.  Note  that  this 
range  includes  a  few  more  tests  than  the  range  used  to 
produce  Table  3  in  which  the  effect  of  the  optimum  Cell  B 
acceleration  history  is  displayed.  The  mean  DRI  for  Cell  B 
tests  with  a  preload  peak  in  the  range  of  8  G  to  12  G  is 
8.2. 
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FIGURE  2 


SEAT  Z  AXIS  ACCELERATION  FOR  CELL  C 
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Taking  seat  pan  force  as  an  indicator  of  spinal 
loading,  Table  4  shows  that  lumbar  load  is  reduced  when 
preload  is  used  versus  the  case  where  no  preload  is  present. 
These  results  are  in  line  with  those  of  Table  3. 

Measured  peak  chest  Z  axis  acceleration  is  another 
external  indicator  of  spinal  compression  which  should  follow 
the  trend  of  the  DRI .  This  measurement  tends  to  have  a 
large  variation  among  individuals  which  could  be  caused  by 
factors  other  than  chest  motion,  such  as  velcro  belt 
slippage,  amount  of  body  fat,  etc.  In  an  attempt  to  reduce 
this  effect,  the  data  in  Table  5  are  nondimensionalized  by 
dividing  the  chest  Z  accelerations  for  each  cell  for  each 
subject  by  the  subject's  Cell  A  measurement. 

TABLE  4.  SEAT  PAN  Z  AXIS  LOADING  (MINUS  TARE) 

DIVIDED  BY  SUBJECT  WEIGHT 


SUBJECT 

WEIGHT  (LB) 

CELL  A 

CELL  B 

CELL  C 

CIO 

121 

7.70 

9.99 

10.72 

B1 

185 

7.58 

9.79 

10.44 

G9 

185 

7.95 

8.94 

10.59 

03 

142 

7.91 

8.98 

11.10 

A5 

169 

6.87 

8.69 

9.66 

F6 

185 

7.92 

9.55 

10.49 

A4 

198 

7.65 

9 . 82 

10.92 

C9 

202 

7.00 

8.79 

9.62 

S13 

188 

7.68 

8.89 

9.98 

MEAN 

175.0 

7.58 

9.27 

10.39 

STD  DEV 

26.9 

0.39 

0.51 

0.53 

This  parameter  follows  the  general  trend  seen 
previously.  Maximum  head  Z  axis  acceleration  is  not  a  good 
indicator  of  lumbar  loading,  but  does  give  an  indication  of 
the  forces  acting  on  the  neck  and  the  effect  on  potential 
neck  injury.  Table  6  summarizes  the  available  data  for  the 
Cell  B  preload  range  of  8  G  to  12  G,  nondimensionalized  as 
was  done  for  Table  5. 

Table  6  indicates  that  the  dynamic  preload  used  in  this 
study  does  not  have  any  beneficial  effect  on  neck  forces, 
i.e.,  using  dynamic  preload  to  increase  allowable  lumbar 
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TABLE  5 


SUBJECT 

CELL  A 

CELL  B 

CELL  C 

CIO 

1.00 

1.35 

1.35 

B1 

1.00 

1.50 

1.47 

G9 

1.00 

1.28 

1.44 

03 

1.00 

1.26 

1.51 

A5 

1.00 

1.30 

F6 

1.00 

1.62 

1.45 

A4 

1.00 

1.05 

1.75 

C9 

1.00 

1.51 

1.49 

S13 

1.00 

1.22 

1.39 

MEAN 

1.00 

1.34 

1.48 

STD  DEV 

0.00 

0.17 

0.11 

TABLE 


SUBJECT* 

CELL  A 

CIO 

1.00 

B1 

1.00 

G9 

1.00 

A5 

1.00 

F6 

1.00 

A4 

1.00 

C9 

1.00 

S13 

1.00 

MEAN 

1.00 

1.35 


1.58 


1.42 


1.78 


1.08 


1.00 


1.34 


1.29 


1.59 


1.61 


1.53 


1.04 


1.30 


1.36 


STD  DEV 


0.00 


0.26 


0.20 


DISCUSSION 


Physical  Measurement  of  Injury  Potential  Indicators 

The  seat  pan  Z  axis  loading  provides  an  indication  of 
the  forces  acting  on  the  lower  spine.  Examining  Table  4  it 
can  be  seen  that  for  every  subject  the  peak  seat  pan  load  is 
higher  for  Cell  C  than  for  Cell  B.  The  loading  in  Cell  B  is 
higher  than  that  of  Cell  A,  but  this  is  to  be  expected  given 
the  main  plunger  G  loading  is  1.33  times  higher.  A  better 
estimate  of  the  relative  lumbar  loading  induced  by  each  cell 
can  be  obtained  by  subtracting  out  the  weight  of  the  legs  as 
these  do  not  bear  down  on  the  spine.  The  weight  of  the 
pelvic  area  could  be  subtracted  out  for  the  same  reason.  If 
one  knew  the  distribution  of  body  weight  along  the  spine, 
one  could  further  refine  the  analysis  by  assuming  the  spine 
acts  as  a  linear  spring  and  using  an  energy  balance  to 
calculate  an  effective  mass. 

The  thighs,  calves,  and  feet  of  the  large  ADAM 
prototype  manikin  comprise  about  36%  of  its  total  body 
weight.  Taking  this  value  as  approximately  correct  for  the 
human  subjects  and  adding  an  estimated  four  percent  more  of 
total  body  weight  to  account  for  the  pelvic  area  gives  a 
total  of  40%  of  body  weight  which  does  not  bear  on  the 
spine. 

Table  7  is  a  rough  estimate  of  relative  lumbar  loading 
based  on  Table  4  and  the  above  discussion.  In  the  table, 
subject  body  weight  is  multiplied  by  .40  and  also  by  the 
peak  main  plunger  Z  acceleration  to  represent  the  dynamic 
effect  of  the  lower  body.  This  is  subtracted  from  the  seat 
pan  loading  in  Table  4  to  give  an  approximation  of  lumbar 
loading.  Finally,  for  each  subject  all  the  table  entries 
are  divided  by  the  Cell  A  value  to  remove  the  effect  of 
variation  in  subject  weight.  As  a  mathematical  formula: 

[(Seat  Pan  Loading)  -  {0.40)(Body  weight)(Acceleration)]/(Cell  A  Seat  Pan  Load) 

As  calculated  previously,  the  mean  Cell  A  seat  pan  Z 
acceleration  was  6.04  G,  while  in  comparison  Cell  C  was  8.19 
G,  a  difference  of  a  factor  of  1.36.  This  matches  well  with 
the  results  seen  in  Table  7  and  clearly  shows  the 
attenuation  in  loading  produced  by  the  dynamic  preload. 

The  results  of  the  chest  acceleration  measurements  are 
less  clear  cut.  Probably  the  greatest  influence  on  the 
quality  of  the  measurements  is  the  imperfections  in  the 
accelerometer  mounting  system.  This  is  a  non-rigidly 
attached  belt  separated  by  varying  amounts  of  human  tissue. 
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Table  5  shows  that  the  attenuation  in  severity  of 
impact  is  discernable  between  Cases  B  and  C  in  the  mean, 
though  the  standard  deviation  of  the  data  is  large.  There 
are  a  few  cases  where  the  peak  chest  acceleration  in  Cell  B 
is  larger  than  that  measured  in  Cell  C.  If  this  was  in  fact 
true,  one  would  expect  it  to  affect  the  calculated  lumbar 
loading. 

TABLE  7.  ESTIMATED  RELATIVE  DIFFERENCE  IN  LUMBAR 
LOADING  BETWEEN  CELLS 


SUBJECT 

CELL  A 

CELL  B 

CELL  C 

CIO 

1.00 

1.26 

1.41 

B1 

1.00 

1.29 

1.38 

G9 

1.00 

1.02 

1.33 

03 

1.00 

1.06 

1.43 

A5 

1.00 

1.16 

1.43 

F6 

• 

o 

o 

1.12 

1.31 

A4 

1.00 

1.23 

1.46 

C9 

1.00 

1.29 

1.38 

S13 

1.00 

1.06 

1.27 

MEAN 

1.00 

1.17 

1.38 

STD  DEV 

0.00 

0.11 

0.06 

Figure  4  is  a  plot  of  maximum  normalized  chest 
acceleration  from  Table  5  versus  calculated  normalized 
lumbar  load  from  Table  7  for  Cells  B  and  C  with  a  linear 
regression  line  through  the  data.  Three  data  points  were 
excluded:  readings  for  subjects  F6  and  A4  in  Cell  B  and 

subject  A4  in  Cell  C.  These  were  judged  to  be  grossly 
anomalous.  The  linear  regression  line  is  given  by: 

y  =  0.651  +  0.588X 

with  a  correlation  coefficient  of  r  =  0.82 

Using  this  equation  for  the  mean  lumbar  load  for  Cell  B 
from  Table  7,  the  expected  normalized  mean  peak  chest 
acceleration  from  the  linear  regression  equation  is  found  to 
be  1.34.  Repeating  this  procedure  for  Cell  C  yields  a 
normalized  mean  peak  chest  acceleration  of  1.46.  These 
values  agree  very  well  with  the  measured  data  of  Table  5. 
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FIGURE  4:  CORRELATION  BETWEEN  EST. 
LUMBAR  LOAD  AND  PEAK  CHEST  ACCEL. 
(NORMALIZED  DATA) 


16 


These  results  confirm  that  measurements  error  is  responsible 
for  the  anomalies  seen  in  the  chest  acceleration  data,  and 
that  the  chest  acceleration  trend  verifies  the  preload 
benefits  indicated  by  the  DRI. 

Results  of  Tests  With  the  ADAM  Manikin 

Only  one  test  was  completed  with  the  ADAM  at  Cell  B  due 
to  the  early  termination  of  the  test  program.  The  preload 
achieved  (6.96  G)  was  much  lower  than  desired  yielding  a 
correspondingly  higher  DRI  for  the  test.  Taking  this  into 
consideration,  the  measurements  made  with  the  ADAM  can  be 
compared  with  the  mean  values  from  the  human  tests  as 
follows: 

TABLE  8.  COMPARISON  OF  HUMAN  AND  ADAM  RESPONSES 


RESPONSE 

POPULATION 

CELL  A 

CELL  B 

CELL  C 

Chest  Accel 

Human  Mean 

1.00 

1.34 

1.48 

ADAM 

1.00 

1.21 

1.65 

Head  Accel 

Human  Mean 

1.00 

1.34 

1.36 

ADAM 

1.00 

1.85 

1.44 

Lumbar  Load 

Human  Mean 

1.00 

1.17 

1.38 

ADAM* 

1.00 

1.13/1.53 

1.43 

*Measured  by  lumbar  load  cell 


Taking  into  consideration  that  this  discussion  is  based 
on  results  from  a  single  test,  the  table  shows  the  chest 
acceleration  of  the  ADAM  is  in  line  with  expected  results. 
The  ADAM  head  responded  strongly  to  the  preload  pulse  as  the 
data  trace  shows  (see  Appendix  B) .  The  lumbar  loading  is  in 
line  with  the  estimates  made  for  the  human  population.  The 
value  of  1.53  given  in  the  table  represents  the  actual 
measured  peak  which  includes  a  sharp  spike  at  the  time  of 
the  preload.  This  may  be  due  to  the  head  response. 

Ignoring  the  superimposed  spike  gives  the  more  realistic 
value  of  1.13  also  presented. 

Component  Failures 

In  the  previous  test  program  the  life-limited  hardware 
item  was  the  shear  sample  holder.  In  this  program,  because 
the  shear  sample  web  was  increased  to  0.55  inches,  shear 
blade  failures  became  apparent.  Testing  was  terminated 
after  two  pairs  of  blades  had  been  destroyed. 
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SUMMARY  AND  CONCLUSION 


The  theory  that  dynamic  preloading  of  the  spine  could 
reduce  injury  potential  was  demonstrated  with  human  subject 
in  the  laboratory.  The  reduced  DRI  to  be  expected  from  a 
test  with  dynamic  preload  versus  one  without  was 
corroborated  by  physical  measurements. 

A  potential  limit  on  the  increase  in  acceleration 
tolerance  made  possible  by  dynamic  preload  is  the  capacity 
of  the  neck  to  sustain  the  increased  loading  as  the  dynamic 
preload  demonstrated  here  had  no  beneficial  effect  on  head 
acceleration. 
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INTRODUCTION 


This  report  was  prepared  by  DynCorp  for  the  Armstrong  Laboratory  (AL/CFBE) 
under  Air  Force  Contract  F33615-91-C-0531. 

The  information  provided  herein  describes  the  test  facility,  seat  fixture, 
dynamic  preload  device,  restraint  configuration,  test  subjects,  data 
acquisition  and  instrumentation  procedures  that  were  used  in  the 
Verification  of  the  Dynamic  Preload  Principle  using  Human  Test  Subjects 
During  +Gz  Impact  Accelerations  (DP2  Study)  Test  Program.  Ninety-one  tests 
were  conducted  during  April  through  June  1992  on  the  Vertical  Deceleration 
Tower  Test  Facility. 


1 .  TEST  FACILITY 

The  AAMRL  Vertical  Deceleration  Tower  was  used  for  all  of  the  tests. 

The  facility  consists  of  a  60  foot  vertical  steel  tower  which  supports  a 
guide  rail  system,  an  impact  carriage  supporting  a  plunger,  a  hydraulic 
deceleration  device  and  a  test  control  and  safety  system.  The  impact 
carriage  can  be  raised  to  a  maximum  height  of  42  feet  prior  to  release. 
After  release,  the  carriage  free  falls  until  the  plunger,  attached  to  the 
undercarriage,  enters  a  water  filled  cylinder  mounted  at  the  base  of  the 
tower.  The  deceleration  profile  produced  as  the  plunger  displaces  the  water 
in  the  cylinder  is  determined  by  the  free  fall  distance,  the  carriage  and 
test  specimen  mass,  the  shape  of  the  plunger  and  the  size  of  the  cylinder 
orifice.  A  rubber  bumper  is  used  to  absorb  the  final  impact  as  the  carriage 
stops.  For  these  tests,  plunger  number  102  was  mounted  under  the  carriage. 
Drop  height  varied  depending  on  the  test  cell  requirements  which  ranged  from 
5'6"  to  11'8". 


2 .  SEAT  FIXTURE 

The  VIP  seat  fixture,  as  shown  in  Figure  A-1,  was  used  for  all  of  the  tests. 
The  seat  was  designed  to  withstand  vertical  impact  accelerations  up  to  50 
G.  Its  adjustable  seat  back  and  seat  pan  were  not  adjusted  during  this 
study  as  all  of  the  tests  were  run  at  the  0  degree  seat  back  angle.  When 
positioned  in  the  seat,  the  subject's  upper  legs  were  bent  90  degrees 
outward  to  a  horizontal  position  with  his  lower  legs  bent  90  degrees 
downward  to  a  vertical  position.  The  subject  was  secured  in  the  seat  with 
a  conventional  two-strap  shoulder  harness  and  lap  belt.  The  lap  belt  and 
shoulder  strap  were  preloaded  to  20  ±  5  pounds  as  required  in  the  test  plan. 

Each  of  the  subject's  legs  were  restrained  by  a  strap  that  encircled  the 
subject's  ankle  and  was  attached  to  the  carriage.  Another  strap  crossed  the 
subject's  thighs  and  attached  to  the  seat  pan  posterior  to  the  knees.  The 
subject's  hands  were  placed  under  the  thigh  restraint.  These  restraints  are 
illustrated  by  Figure  A-2. 
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3.  DYNAMIC  PRELOAD  DEVICE 


The  dynamic  preload  device  consisted  of  a  blade,  shear  sample  holder  and 
snear  sample.  Attached  to  each  side  of  the  carriage  is  a  blade.  The  blade 
has  a  vertical  adjustment  capability  of  ±  2  inches.  Figure  A-3  illustrates 
the  dynamic  preload  device  blade  and  Figure  A-4  shows  the  blade  installed 
on  the  side  of  the  carriage. 

Attached  to  each  rail  is  a  magazine  containing  a  shear  sample  holder  and  a 
shear  sample.  The  shear  samples  were  made  from  7075-T6  aluminum  blocks  6.8 
inches  long.  The  block  cross  section  was  1.50  inches  by  0.75  inches.  A 
0.75  inch  wide  channel  was  milled  out  of  the  length  of  the  block  leaving  a 
web  thickness  of  0.55  inches.  Figure  A-5  shows  a  shear  sample  and  shear 
sample  holder.  Attached  to  the  bottom  of  the  shear  sample  holder  in  Figure 
A-5  are  shims  which  allow  an  adjustment  of  the  vertical  position  of  the 
shear  sample  of  up  to  1.75  inches. 

Figure  A-6  shows  the  complete  test  setup.  The  blades  on  the  carriage  are 
just  entering  the  tops  of  the  sample  holders  (which  serve  to  guide  the 
blades)  prior  to  shearing  the  sample. 


4.  TEST  SUBJECTS 

Both  manikin  and  human  test  subjects  were  used  during  this  test  program. 

A  95th  percentile  Alderson  manikin,  designated  VIP-95,  and  a  CARD  manikin, 
designated  CG-95  were  used  for  structural  and  equipment  proof  tests. 

An  ADAM  manikin  representative  of  the  "large”  flying  population  was  also 
used  during  this  test  program  to  measure  the  dynamic  response  for  various 
preload  conditions. 

Human  test  subjects  were  dressed  in  a  flight  suit,  gloves,  and  boots.  In 
addition,  they  wore  goggles  and  a  HGU-26/P  helmet  (visor  down). 


5.  INSTRUMENTATION 

The  electronic  data  collected  during  this  test  program  is  described  in 
Sections  5.1  and  5.2.  Section  5.1  discusses  accelerometers  while  Section 
5.2  discusses  load  transducers.  Section  5.3  discusses  the  calibration 
procedures  that  were  used.  The  measurement  instrumentation  used  in  this 
test  program  is  listed  in  Tables  A-la  through  A-ld.  These  figures  designate 
tne  manuracturer,  type,  serial  number,  sensitivity  and  other  pertinent  data 
on  each  transducer  used.  Table  A-2  lists  the  manufacturer's  typical 
transducer  specifications. 

Accelerometers  and  load  transducers  were  chosen  to  provide  the  optimum 
resolution  over  the  expected  test  load  range.  Full  scale  data  ranges  were 
chosen  to  provide  the  expected  full  scale  range  plus  50%  to  assure  the 
capture  of  peak  signals.  All  transducer  bridges  were  balanced  for  zero 
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output  prior  to  the  start  of  each  test.  The  accelerometers  were  adjusted 
for  the  effect  of  gravity  using  computer  processing  software.  The  component 
of  a  1  G  vector  in  line  with  the  force  of  gravity  that  lies  along  the 
accelerometer  axis  was  added  to  each  accelerometer. 

The  accelerometer  and  load  transducer  coordinate  systems  are  shown  in  Figure 
A-7.  The  seat  coordinate  system  is  right-handed  with  the  z  axis  parallel 
to  the  seat  back  and  positive  upward.  The  x  axis  is  perpendicular  to  the 
z  axis  and  positive  eyes  forward  from  the  subject.  The  y  axis  is 
perpendicular  to  the  x  and  z  axes  according  to  the  right  hand  rule.  The 
origin  of  the  seat  coordinate  system  is  designated  as  the  seat  reference 
point  (SRP).  The  SRP  is  at  the  midpoint  of  the  line  segment  formed  by  the 
intersection  of  the  seat  pan  and  seat  back.  All  vector  components  (for 
accelerations,  angular  accelerations,  forces,  moments,  etc.)  were  positive 
when  the  vector  component  (x,  y  and  z)  was  in  the  direction  of  the  positive 
axis. 

The  linear  accelerometers  were  wired  to  provide  a  positive  output  voltage 
when  the  acceleration  experienced  by  the  accelerometer  was  applied  in  the 
+x,  +y  and  +z  directions,  as  shown  in  Figure  A-7. 

The  angular  Ry  accelerometers  were  wired  to  provide  a  positive  output 
voltage  when  the  angular  acceleration  experienced  by  the  angular 
accelerometer  was  applied  in  the  +y  direction  according  to  the  right  hand 
rule,  as  shown  in  Figure  A-7. 

The  load  cells  and  load  links  were  wired  to  provide  a  positive  output 
voltage  when  the  force  exerted  by  the  load  cell  on  the  subject  was  applied 
in  the  +x,  +y  or  +z  direction  as  shown  in  Figure  A-7. 

All  transducers  except  the  carriage  accelerometers  and  the  carriage  velocity 
tachometer  were  referenced  to  the  seat  coordinate  system.  The  carriage 
tachometer  was  wired  to  provide  a  positive  output  voltage  during  freefall. 
The  carriage  accelerometers  were  referenced  to  the  carriage  coordinate 
system,  as  shown  in  Figure  A-7. 

The  ADAM  manikin  internal  transducers  were  referenced  to  the  manikin 
coordinate  system  which  is  shown  in  Figure  A-8. 

The  manikin  neck  and  lumbar  load  cells  were  wired  to  provide  a  positive 
output  voltage  when  the  force  exerted  by  the  load  cell,  on  the  neck  or 
lumbar,  was  applied  in  the  +x,  +y  or  +z  directions  as  shown  in  Figure  A-8. 

The  manikin  My  torque  transducers  were  wired  to  provide  a  positive  output 
voltage  when  the  torque  experienced  by  the  transducers  was  applied  in  the 
+y  direction  according  to  the  right  hand  rule,  as  shown  in  Figure  A-8. 

Carriage  velocity  was  measured  using  a  Globe  Industries  tachometer  Model 
22A672-2.  The  rotor  of  the  tachometer  was  attached  to  an  aluminum  wheel 
with  a  rubber  "0"  ring  around  its  circumference  to  assure  good  rail  contact. 
The  wheel  contacted  the  track  rail  and  rotated  as  the  carriage  moved, 
producing  an  output  voltage  proportional  to  the  velocity. 
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5 . 1  Accelerome t ers 

This  section  describes  the  accelerometer  instrumentation  as  required  in  the 
AT./CPBE  test  plan. 

Human  head  accelerations  were  measured  using  three  Endevco  Model  7264-200 
linear  accelerometers  and  one  Endevco  Model  7302A  angular  (Ry) 
accelerometer.  The  accelerometers  were  mounted  to  the  external  edge  of  a 
plastic  dental  bite  block.  Each  subject  had  his  own  set  of  custom  fitted 
dental  inserts  that  were  used  to  support  the  bite  block  in  his  mouth. 
Figure  A-9  illustrates  the  human  head  accelerometer  package. 

Head  accelerations  for  manikin  tests  were  measured  using  three  Endevco  Model 
2264-200  linear  accelerometers  and  one  Endevco  Model  7302B  angular  (Ry) 
accelerometer.  These  accelerometers  were  internally  mounted  in  the  head  of 
the  manikins. 

The  chest  accelerometer  package  consisted  of  three  Endevco  Model  7264-200 
linear  accelerometers  mounted  to  a  1/2  x  1/2  x  1/2  inch  aluminum  block.  An 
Endevco  Model  7302A  angular  (Ry)  accelerometer  was  mounted  on  a  bracket 
adjacent  to  the  triaxial  chest  block.  The  accelerometer  packages  were 
inserted  into  a  steel  protection  shield  to  which  a  length  of  Velcro  fastener 
strap  was  attached.  The  package  was  placed  over  the  subject's  sternum  at 
the  level  of  the  xiphoid  and  was  held  there  by  fastening  the  Velcro  strap 
around  the  subject's  chest.  Figure  A-10  illustrates  the  chest  accelerometer 
package  attached  to  a  human  subject. 

Carriage  accelerations  were  measured  using  three  Endevco  linear 
accelerometers;  one  model  2262A-200  for  acceleration  in  the  z  direction  and 
two  models  2264-200  for  accelerations  in  the  x  and  y  directions.  The  three 
accelerometers  were  mounted  on  a  small  acrylic  block  and  located  behind  the 
seat  on  the  VIP  seat  structure. 

Seat  accelerations  were  measured  using  three  Endevco  linear  accelerometers: 
two  Models  2264-150  for  accelerations  in  the  x  and  z  directions  and  one 
model  2264-200  for  acceleration  in  the  y  direction.  The  three  linear 
accelerometers  were  attached  to  a  1  x  1  x  3/4  inch  acrylic  block  and  were 
mounted  near  the  center  of  the  load  cell  mounting  plate. 

5.2  Load  Transducers 

This  section  describes  the  load  transducer  instrumentation  as  required  in 
the  AL/CFBE  test  plan. 

The  load  transducer  locations  and  dimensions  are  shown  in  Figures  A-lla  and 
A-llh. 

Shoulder/anchor  forces  were  measured  using  one  GM/DYN  3D-SW  and  two 
AAMRL/DYN  3D-SW  triaxial  load  cells,  each  capable  of  measuring  forces  in  the 
X,  y  and  z  directions.  The  parameters  measured  are  indicated  below: 
Shoulder  x,  y  and  z  force 
Left  lap  belt  x,  y  and  z  force 
Right  lap  belt  x,  y  and  z  force 
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The  lap/vertical  anchor  force  triaxial  load  cells  were  located  on  separate 
brackets  mounted  on  the  side  of  the  seat  frame  parallel  to  the  seat  pan. 
The  shoulder  strap  force  triaxial  load  cell  was  mounted  on  the  seat  frame 
between  the  seat  back  support  plate  and  the  headrest. 

Left,  right  and  center  seat  forces  were  measured  using  three  load  cells  and 
three  load  links.  The  three  load  cells  included  three  Strainsert  Model 
FL2.5U-2SPKT  load  cells.  The  three  load  links,  as  shown  in  Figure  A-12, 
were  fabricated  by  DynCorp  using  Micro  Measurement  Model  EA-06-062TJ-350 
strain  gages.  All  six  measurement  devices  were  located  under  the  seat  pan 
support  plate.  The  load  links  were  used  for  measuring  loads  in  the  x  and 
y  directions,  two  in  the  x  direction  and  one  in  the  y  direction.  Each  load 
link  housed  a  swivel  ball  which  acted  as  a  coupler  between  the  seat  pan  and 
load  cell  mounting  plate.  The  Strainsert  load  cells  were  used  for  measuring 
loads  in  the  z  direction.  The  seat  pan  instrumentation  and  the  lap  belt 
anchor  load  cells  can  be  seen  in  Figure  A-13. 

Upper  and  lower  headrest  x  forces  were  measured  using  two  Strainsert  Model 
FL1U-2SG  load  cells.  The  load  cells  were  mounted  on  a  rectangular  mounting 
plate  which  was  attached  to  the  upper  seat  back.  The  headrest  was  attached 
directly  to  the  load  cells.  The  mounting  plate/load  cells/headrest  was 
adjusted  up  or  down  depending  on  the  location  of  the  subjects  head.  The 
headrest  and  shoulder  belt  anchor  load  cells  can  be  seen  in  Figure  A-14. 

For  large  ADAM  manikin  tests.  Lumbar  x,  y  and  z  forces  and  My  torque,  and 
Neck  X,  y  and  z  forces  and  My  torque  were  each  measured  using  Denton  Model 
1914  and  1716  load  cells  respectively.  These  load  cells  were  internally 
mounted  in  the  manikins. 

5.3  Calibration 

Calibrations  were  performed  before  and  after  testing  to  confirm  the  accuracy 
and  functional  characteristics  of  the  transducers.  Pre-program  and 
post-program  calibrations  are  given  in  Tables  A-3a  through  A-3e. 

The  calibration  of  all  Strainsert  load  cells  was  performed  by  the  Precision 
Measurement  Equipment  Laboratories  (PMEL)  at  Wright-Patterson  Air  Force 
Base.  PMEL  calibrated  these  devices  on  a  periodic  basis  and  provided 
current  sensitivity  and  linearity  data. 

The  calibration  of  the  accelerometers  was  performed  by  DynCorp  using  the 
comparison  method  (Ensor,  1970).  A  laboratory  standard  accelerometer, 
calibrated  on  a  yearly  basis  by  Endevco  with  standards  traceable  to  the 
National  Bureau  of  Standards,  and  a  test  accelerometer  were  mounted  on  a 
shaker  table.  The  frequency  response  and  phase  shift  of  the  test 
accelerometer  were  determined  by  driving  the  shaker  table  with  a  random 
noise  generator  and  analyzing  the  outputs  of  the  accelerometers  with  a 
Zenith  248/12  computer  using  Fourier  analysis.  The  natural  frequency  and 
the  damping  factor  of  the  test  accelerometer  were  determined,  recorded  and 
compared  to  previous  calibration  data  for  that  test  accelerometer. 
Sensitivities  were  calculated  at  a  40  G/lOO  Hertz  level.  The  sensitivity 
of  the  test  accelerometer  was  determined  by  comparing  its  output  to  the 
output  of  the  standard  accelerometer. 
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The  angular  accelerometers  were  calibrated  by  DynCorp  by  comparing  their 
output  to  the  output  of  a  linear  standard  accelerometer.  The  angular 
accelerometer  is  mounted  parallel  to  the  axis  of  rotation  of  a  Honeywell  low 
inertia  D.  C.  motor.  The  standard  accelerometer  is  mounted  perpendicular 
to  the  axis  of  rotation  at  a  radius  of  one  inch  to  measure  the  tangential 
acceleration.  The  D.  C.  motor  motion  is  driven  at  a  constant  sinusoidal 
angular  acceleration  of  100  Hertz  and  the  sensitivity  is  calculated  by 
comparing  the  rms  output  voltages  of  the  angular  and  linear  accelerometers. 

The  shoulder/lap  triaxial  load  cells  and  load  links  were  calibrated  by 
DynCorp.  These  transducers  were  calibrated  to  a  laboratory  standard  load 
cell  in  a  special  test  fixture.  The  sensitivity  and  linearity  of  each  test 
load  cell  were  obtained  by  comparing  the  output  of  the  test  load' cell  to  the 
output  of  the  laboratory  standard  under  identical  loading  conditions.  The 
laboratory  standard  load  cell,  in  turn,  is  calibrated  by  PMEL  on  a  periodic 
basis. 

The  velocity  wheel  is  calibrated  periodically  by  DynCorp  by  rotating  the 
wheel  at  approximately  2000,  4000  and  6000  revolutions  per  minute  (RPM)  and 
recording  both  the  output  voltage  and  the  RPM. 


6.  DATA  ACQUISITION 

Data  acquisition  was  controlled  by  a  comparator  on  the  Master 
Instrumentation  Control  Unit  in  the  Instrumentation  Station.  The  test  was 
initiated  when  the  comparator  countdown  clock  reached  zero.  The  comparator 
was  set  to  start  data  collection  at  a  preselected  time. 

A  reference  mark  pulse  was  generated  to  mark  the  ADACS  electronic  data  at 
a  preselected  time  after  test  initiation  to  place  the  reference  mark  close 
to  the  impact  point.  The  reference  mark  time  was  used  as  the  start  time  for 
data  processing  of  the  electronic  data. 

Prior  to  each  test  and  prior  to  placing  the  subject  in  the  seat,  data  were 
recorded  to  establish  a  zero  reference  for  all  data  transducers.  These  data 
were  stored  separately  from  the  test  data  and  were  used  in  the  processing 
of  data. 

6.1  Automatic  Data  Acquisition  and  Control  System  (ADACS) 

Installation  of  the  ADACS  instrumentation  is  shown  in  Figure  A-15.  The 
three  major  components  of  the  ADACS  system  are  the  power  conditioner,  signal 
conditioners  and  the  encoder.  A  block  diagram  of  the  ADACS  is  shown  in 
Figure  A-16.  The  signal  conditioners  contain  forty-eight  amplifiers  with 
piogrammable  gain  and  filtering. 

Bridge  excitation  for  load  cells  and  accelerometers  was  10  VDC.  Bridge 
completion  and  balance  resistors  were  added  as  required  to  each  module  input 
connector. 
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The  forty-eight  module  output  data  signals  were  digitized  and  encoded 
intoforty-eight  11-bit  digital  words.  Two  additional  11-bit  synchronization 
(sync)  words  were  added  to  the  data  frame  making  a  fifty  word  capability. 

Three  synchronization  pulse  trains  (bit  sync,  word  sync  and  frame  sync) 
along  with  the  NRZL  data  were  sent  to  the  computer  via  a  junction  box  data 
cable. 

The  PDF  11/34  minicomputer  received  serial  data  from  the  ADACS.  The  serial 
data  coming  from  the  carriage  are  converted  to  parallel  data  in  the  data 
formatter.  The  data  formatter  inputs  data  by  direct  memory  access  (DMA) 
into  the  computer  memory  via  a  buffered  data  channel  where  data  are 
temporarily  stored  on  disk.  Data  are  later  transferred  to  the  VAX  11/750 
and  output  to  magnetic  tape  for  permanent  storage.  The  interrelationships 
among  the  data  acquisition  and  storage  equipment  are  shown  in  Figure  A-17. 

Test  data  could  be  reviewed  immediately  after  each  test  by  using  the  "quick 
look"  SCAN  routine.  SCAN  was  used  to  produce  a  plot  of  the  data  stored  on 
any  channel  as  a  function  of  time.  The  routine  determined  the  minimum  and 
maximum  values  of  any  data  plot.  It  was  also  used  to  calculate  the  rise 
time,  pulse  duration  and  carriage  acceleration  and  create  a  disk  file 
containing  significant  test  parameters. 

6.2  Selspot  Motion  Analysis  System 

The  AL/CFBE  test  plan  did  not  require  photogrammetric  data  to  be  collected 
for  this  test  program.  Therefore,  the  Selspot  Motion  Analysis  System  was 
not  used. 

However,  a  Kodak  Ektapro  1000  video  system  was  used  to  provide  off board 
coverage  of  each  test.  This  video  recorder  and  display  unit  is  capable  of 
recording  high-speed  motion  up  to  a  rate  of  1000  frames  per  second.  The 
Kodak  Ektapro  1000  Video  System  (less  camera)  is  shown  in  Figure  A-18. 
Immediate  replay  of  the  impact  is  possible  in  real  time  or  in  slow  motion. 


7 .  PROCESSING  PROGRAMS 

The  executable  images  for  the  ADACS  processing  programs  are  located  in 
directory  PROCESS  of  the  VAX  11/750  and  the  test  data  is  assumed  to  be 
stored  in  logical  directory  DATADIR.  All  plots  and  the  test  summary  sheet 
are  output  to  the  LN03  laser  printer.  The  test  base  file  is  output  to 
directory  PROCESS. 

7.1  ADACS  Program  Operation 

The  two  Fortran  programs  that  process  the  ADACS  test  data  for  the  DP2  Study 
(Vertical  Deceleration  Tower  facility)  are  named  DP2VDT0A  and  DP2VDT0B.  The 
DCL  file  which  controls  the  execution  of  these  programs  is  named  DP2VDT. 
The  character  string  'DP2'  identifies  the  study,  'VDT'  identifies  the 
facility  (Vertical  Deceleration  Tower),  '0'  is  the  revision  number  and  the 
last  character  determines  the  program  order  of  execution. 
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DP2VDT0A  accepts  user  input  and  creates  a  temporary  DCL  file  which  controls 
the  sequential  batch  processing  of  a  specified  number  of  tests.  DP2VDT0A 
requests  the  user  to  enter  the  total  number  of  tests  to  be  processed  and  the 
ueiL  iiumber  of  each  test.  Logical  directory  DATADIR  is  assumed  to  contain 
a  zero  reference  file  named  '<test  no>Z.VDT',  a  test  data  file  named  '<test 
no>D.VDT'  and  a  sensitivity  file  named  '<test  no>S.VDT'. 

DP2VDT0A  requests  the  user  to  enter  the  total  number  of  tests  to  be 
processed  and  the  test  number  for  each  test.  The  default  test  parameters 
are  retrieved  from  the  header  block  of  the  test  data  file  and  displayed  as 
a  menu  on  the  screen.  The  user  may  specify  new  values  for  any  of  the 
displayed  test  parameters.  The  test  parameters  include  the  subject  ID, 
weight,  age,  height  and  sitting  height.  Additional  parameters  include  the 
cell  type,  nominal  G  level,  subject  type  (manikin  or  human)  and  belt  preload 
status  (computed  or  not  computed).  If  the  belt  preloads  were  computed,  then 
the  left  lap,  right  lap  and  shoulder  strap  preloads  are  also  displayed. 

DP2VDT0B  generates  time  histories  for  the  carriage  x,  y  and  z  axis 
accelerations;  the  carriage  velocity;  the  seat  x,  y  and  z  axis 
accelerations;  the  head  x,  y,  z,  Ry  and  resultant  accelerations;  the  chest 
X,  y,  z,  Ry  and  resultant  acceleration;  and  the  ADAM  internal  chest  x,  y, 
z,  Ry  and  resultant  accelerations.  The  dynamic  response  of  the  DRI  model 
is  computed  for  the  seat  Z  axis  acceleration. 

Time  histories  are  also  generated  for  the  shoulder  x,  y,  z  and  resultant 
forces;  the  headrest  upper  and  lower  x  axis  forces  and  their  sum;  the  left 
lap  X,  y,  z  and  resultant  forces;  the  right  lap  x,  y,  z  and  resultant 
forces;  the  left,  right  and  center  seat  z  forces,  and  their  sum;  the  left 
and  right  seat  x  axis  forces,  and  their  sum;  the  seat  y  axis  force;  and  the 
seat  resultant.  The  seat  z  force  is  corrected  to  subtract  out  the  force  due 
to  the  mass  of  the  seat  pan.  If  the  ADAM  manikin  is  used  as  the  subject, 
the  ADAM  neck  and  lumbar  x,  y  and  z  axis  forces,  resultant,  and  My  torque 
are  also  computed. 

The  impact  rise  time,  duration  and  velocity  change  are  computed  and  stored 
in  the  test  base  file.  Values  for  the  preimpact  level  and  the  extrema  for 
each  time  history  are  stored  in  the  test  base  file  and  printed  out  as  a 
summary  sheet  for  each  test.  The  time  histories  are  also  plotted. 

7.2  ADACS  Program  Flowcharts 

Flowcharts  of  the  two  programs,  DP2VDT0A  and  DP2VDT0B  are  shown  in  Figures 
A-19  and  A-20  respectively.  Each  flowchart  identifies  the  files  used  and 
the  subroutines  called  by  the  program.  Some  of  the  subroutines  which  are 
not  flowcharted  are  located  in  user  libraries.  Others  have  such  a  simple 
suiucLaife  iihat  they  do  not  require  flowcharting. 
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TABLE  A-la;  INSTRUMENTATION  REQUIREMENTS 


32 


TABLE  A- lb:  INSTRUMENTATION  REQUIREMENTS 
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TABLE  A-lc:  INSTRUMENTATION  REQUIREMENTS 


A-4 
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TABLE  A-ld:  INSTRUMENTATION  REQUIREMENTS 


SENSITIVITY  RESONANCE  FREQUENCY  EXCITATION  2  ARM 


A-5 
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TABLE  A-2:  TYPICAL  TRANSDUCER  SPECIFICATIONS 


DYNCORP  PROGRAM  CALIBRATION  LOG 


A-6 
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TABLE  A-3a:  TRANSDUCER  PRE-  AND  POST-CALIBRATION 


DYNCORP  PROGRAM  CALIBRATION  LOG 


A-7 
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TABLE  A-3b;  TRANSDUCER  PRE-  AND  POST-CALIBRATION 


DYNCORP  PROGRAM  CALIBRATION  LOG 


TABLE  A-3c:  TRANSDUCER  PRE-  AND  POST-CALIBRATION 


DYNCORP  PROGRAM  CALIBRATION  LOG 


A-9 
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TABLE  A-3d:  TRANSDUCER  PRE-  AND  POST-CALIBRATION 


DYNCORP  PROGRAM  CALIBRATION  LOG 


A- 10 
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TABLE  A-3e:  TRANSDUCER  PRE-  AND  POST-CALIBRATION 


FIGURE  A-1:  VIP  SEAT  FIXTURE 


A-11 
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A-13 
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FIGURE  A-3:  DYNAMIC  PRELOAD  DEVICE  BLADE 


FIGURE  A-4:  DYNAMIC  PRELOAD  DEVICE  BLADE 


A-14 
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CO 

2 

I 

CO 


A-15 
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FIGURE  A-5;  SHEAR  SAMPLE  AND  SHEAR  SAMPLE  HOLDER 


1.  THE  ADAM  MANIKIN  FORCES  AND  TORQUES  WERE  REFERENCED  TO  THE  MANIKIN 
COORDINATE  SYSTEM. 

2.  THE  NECK  AND  LUMBAR  LOAD  CELLS  WERE  WIRED  TO  PROVIDE  A  POSITI^  OUTPOT 
VOLTAGE  WHEN  THE  FORCE  EXERTED  BY  THE  LOAD  CELL,  ON  THE  NECK  OR  LUMBAR, 
WAS  APPLIED  IN  THE  +x,  +y  OR  +z  DIRECTION  AS  SHOWN. 


3.  THE  My  TORQUE  TRANSDUCERS  WERE  WIRED  TO  PROVIDE  A  POSITIVE  OUTPUT  VOLTAGE 
WHEN  THE  TORQUE  EXPERIENCED  BY  THE  TRANSDUCERS  WAS  APPLIED  IN  THE  +y 
DIRECTION  ACCORDING  TO  THE  RIGHT  HAND  RULE  AS  SHOWN. 


figure  A-8:  manikin  COORDINATE  SYSTEM 


A-18 
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FIGURE  A-9:  HUMAN  HEAD  ACCELEROMETER  PACKAGE 


FIGURE  A-10:  CHEST  ACCELEROMETER  PACKAGE 


A-20 
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CM  CO  in  vo 


+z 


-z 


DESCRIPTION 

NO. 

DESCRIPTION 

SEAT  REFERENCE  POINT 

8 

RIGHT  SEAT  X  FORCE 

UPPER  HEADREST  X  FORCE 

9 

CENTER  SEAT  Y  FORCE 

LOWER  HEADREST  X  FORCE 

10 

LEFT  LAP  BELT  FORCE 

LEFT  SEAT  Z  FORCE 

ii 

RIGHT  LAP  BELT  FORCE 

RIGHT  SEAT  Z  FORCE 

12 

SHOULDER  FORCE 

CENTER  SEAT  Z  FORCE 

LEFT  SEAT  X  FORCE 

13 

SEAT  X,  Y  &  Z  ACCELERATION 

ITEM  10  NOT  SHOWN 

THE  HEADREST  WAS  ADJUSTABLE  UP  OR  DOWN  DEPENDING  ON  EACH  SUBJECT.  HEADREST  LOAD 
CELL  NUMBERS  2  AND  3  MOVE  WITH  THE  HEADREST.  THE  MEASUREMENTS  FOR  THE  HEADREST 
LOAD  CELLS  WERE  TAKEN  WHEN  THE  TOP  MOUNTING  HOLES  IN  THE  HEAD  REST  WERE  LINED  UP 
WITH  THE  TOP  HOLES  IN  THE  FRAME  SUPPORT. 

FIGURE  A-lla;  TRANSDUCER  LOCATIONS  AND  DIMENSIONS  (PAGE  1  OF  2) 
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ALL  DIMENSIONS  ARE  REFERENCED  TO  THE  SEAT  REFERENCE  POINT  (SRP).  THE  SEAT 
MFERENCE  POINT  IS  LOCATED  AT  THE  INTERSECTION  OF  THE  SEAT  PAN  CENTER  LINE  AND  THE 
SEAT  BACK  CENTER  LINE  (z  AXIS) • 


CONTACT  POINT  DIMENSIONS  IN  INCHES  (CM) 


NO. 

X 

y 

Z 

1 

0.00 

(  0.00) 

0.00 

(  0.00) 

0.00 

(  0.00) 

2 

-  0.31 

(-  0.80) 

0.00 

(  0.00) 

37.38 

(  94.95) 

3 

-  0.31 

(-  0.80) 

0.00 

(  0.00) 

32.47 

(  82.48) 

4 

17.90 

(  45.46) 

5.00 

(  12.70) 

-  1.22 

(-  3.10) 

5 

17.90 

(  45.46) 

-  5.00 

(-12.70) 

-  1.22 

(-  3.10) 

6 

6.68 

(  16.96) 

0.00 

(  0.00) 

-  1.22 

(-  3.10) 

7 

10.00 

(  25.41) 

6.00 

(  15.25) 

-  1.85 

(-  4.70) 

8 

10.00 

(  25.41) 

-  6.00 

(-15.25) 

-  1.85 

(-  4.70) 

9 

9.26 

(  23.51) 

1.99 

(  5.05) 

-  1.85 

(-  4.70) 

10 

0.81 

(  2.06) 

9.00 

(  22.86) 

-  1.61 

(-  4.10) 

11 

0.81 

(  2.06) 

-  9.00 

(-22.86) 

-  1.61 

(-  4.10) 

12 

-  5.47 

(-13.90) 

0.00 

(  0.00) 

27.39 

(  69.58) 

13 

12.33 

(  31.31) 

0.00 

(  0.00) 

-  1.69 

(-  4.30) 

SEE  FIGURE  A-lla  FOR  DESCRIPTIONS  OF  TRANSDUCER  ITEM  NUMBERS 


ACCELEROMEtS^bScK^'^^^  measurements  (ITEM  13)  ARE  TAKEN  AT  THE  CENTER  OF  THE 

APPLIE^^^^  EXTERNAL  FORCE  IS 

THE  MEASUREMENTS  FOR  THE  LOAD  CELLS  WHICH  ANCHOR  THE  HARNESS  (ITEMS  10  11  &  12^ 
ARE  TAKEN  AT  THE  POINT  WHERE  THE  HARNESS  IS  ATTACHED  TO  THE  LOAD  CELL 


FIGURE  A-llb:  TRANSDUCER  LOCATIONS  AND  DIMENSIONS  (PAGE  2  OF  2) 
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A-23 
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FIGURE  A-12:  LOAD  LINK  INSTRUMENTATION 


SfVk 


FIGURE  A-13:  SEAT  PAN  INSTRUMENTATION 


SIGNAL  CONDITIONERS 


POWER 


CONDITIONER 


ENCODER 


FIGURE  A-15:  ABACS  INSTALLATION 


A-26 
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FIGURE  A-17:  DATA  ACQUISITION  AND  STORAGE  SYSTEM  BLOCK  DIAGRAM 

A-28 
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■ 


wm-. 


FIGURE  A-18:  KODAK  EKTAPRO  1000  VIDEO  SYSTEM 

A-29 
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C«ll  MENU_DISPLAY  to  display  tha  cur¬ 
rant  tast  paranatars.  Tast  paramatars 
includs  tast  data,  subjact  ID.waight, 
aga,  halght,  sitting  baight  and  sax, 
call  typs ,  nominal  G  laval,  bait  pra- 
loads  and  parameters  DUMMY  and  PRLD. 


User  enters  parameter 
to  be  changed. 


FIGURE  A- 19a:  PROGRAM  DP2VDT0A  FLOWCHART  (PAGE  1  OF  3) 
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1 

No 

Assign  th*  following  filananas: 

Zaro  f ila-'DATADIR: <t*st  no>Z.VDT' 
Data  f ila-'DATADIR: <t*st  no>D.VDT’ 
sansitivity  f ila-'DATADIR: <t*Bt  no>S 
Baa*  fil*-'<t*Bt  no>VDT.BSE' 

Sunraary  fil*-'<t*Bt  no>VDT.REP' 

VDT' 

' 

Writ*  a  DCL  command  to  axacut* 
program  DP2VDT0B.  writ*  th* 
tast  numbar  and  paramotar  DBF 
to  th*  DCL  fil*. 

1 

Output  th*  t*Bt  p»ra- 
in«t*rs  to  th*  DCL  fil*. 


Writ*  DCL  conmands  to 
print  th*  t*8t  suninary 
Bhaat  and  Band  plots  to| 
th*  lasar  printar. 


No 


FIGURE  A- 19b:  PROGRAM  DP2VDT0A  FLOWCHART  (PAGE  2  OF  3) 
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FIGURE  A-20b:  PROGRAM  DP2VDTOB  FLOWCHART  (PAGE  2  OF  8) 

A-34 

64 


A-35 

65 


A-36 

66 


Call  SUM  to  comput*  tha 
sum  of  th«  haadrast 
f oreaa . 


/  la  ^ 
DUMMY  »  'y' 
and  aubjact 
'ADAM^ 


Call  RES  to  coaiputa 
tha  naek  and  lumbar 
raaultant  forcaa. 


FIGURE  A-20e:  PROGRAM  DP2VDT0B  FLOWCHART  (PAGE  5  OF  8) 


FIGURE  A-20f:  PROGRAM  DP2VDTOB  FLOWCHART  (PAGE  6  OF  8) 
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FIGURE  A-20g;  PROGRAM  DP2VDTOB  FLOWCHART  (PAGE  7  OF  8) 


A-39 
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FIGURE 


.-20h:  PROGRAM  DP2VDT0B  FLOWCHART  (PAGE  8  OF  8) 
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DP2  STUDY  TEST;  2678  SUBJ:  ADAM-L  VT:  216.0  NOM  G:  10.0  CELL:  B 


1  DATA  ID 

1 

IMMEDIATE! 

PREIMPACrj 

MAXIMUM] 
VALUE  1 

MINIMUM 

VALUE 

TIME  OF] 
MAXIMUM] 

TIME  OP 
MINIMUM 

1 

1  REFERENCE  MARK  TIME  (MS) 
i2.5V  EXT  PVR  (VOLTS) 

1 

1 

2.501 

1 

1 

2.501 

2.50 

1 

-151.] 

2.] 

3. 

jlOV  EXT  PWR  (VOLTS) 

1 

lO.OOj 

1 

10.00] 

1 

10.00 

1-1 

1 

0. 

1  CARRIAGE  ACCELERATION  (G)  I  I  I  I  I 

j  X  AXIS 

0.06] 

13.87] 

-11.05 

15.] 

24. 

1  Y  AXIS 

-0.01 1 

4.85] 

-8.62 

6. 

13. 

1  Z  AXIS 

-0.01 j 

14.27] 

j 

-2.07 

19.  ] 

12. 

ICARRIAGE  VELOCITY  (FPS) 

1 

1 

-26.501 

1 

-1.17] 

-26.74 

440.  ] 

1 

4. 

1  1  1  1  1  1 

SEAT  ACCELERATION  (G) 

j  X  AXIS 

O.Olj 

11.59] 

-5.46 

11.  j 

18. 

1  Y  AXIS 

0.041 

5.48] 

-5.29 

28. 

18. 

j  Z  AXIS 

-0.051 

11.23] 

-3.06 

11.  1 

44. 

j  Z  AXIS  DRI 

-0.051 

1 

8.92] 

-0.33 

110.  ] 

1 

185. 

1  1  1  1  1  I 

HEAD  ACCELERATION  (G)  1 

j  X  AXIS 

0.071 

3.65] 

-1.62 

39.] 

168. 

1  Y  AXIS 

0.12| 

1.06] 

-0.52 

107.  ] 

71. 

1  Z  AXIS 

-0.02] 

15.31] 

-0.10 

34.  ] 

1. 

1  RESULTANT 

0.161 

15.39] 

0.11 

34. 1 

0. 

j  RY  (RAD/SEC2) 

-15.141 

1 

624.241 

1 

-1110.47 

45.  ] 

\ 

38. 

1  CHEST  ACCELERATION  (G)  1  |  I  I  I 

1  X  AXIS 

0.09| 

4.94] 

-4.64 

47.  ] 

34. 

j  Y  AXIS 

0.181 

1.03] 

-1.14 

53.  ] 

48. 

j  Z  AXIS 

-0.05 1 

11.07] 

-0.08 

48.  ] 

4. 

1  RESULTANT 

0.22] 

12.00] 

0.12 

48.  ] 

0. 

I  RY  (RAD/SEC2) 

\ 

-0.401 

1 

1937.62] 

-3067.68 

47.] 

54. 

1  1  1  1  1  1 
SHOULDER  STRAP  FORCES  (LB) 

1  X  AXIS 

-14.34] 

-3.81] 

-68.32 

384.  ] 

126. 

1  Y  AXIS 

0.54] 

14.45] 

-4.86 

32.  ] 

45. 

1  Z  AXIS 

2.211 

54.24] 

1.29 

100.  ] 

365. 

j  RESULTANT 

14.53! 

85.17] 

4.03 

126. 1 

402. 

1  HEADREST  FORCES  (LB) 
j  UPPER  X  AXIS 

! 

1 

0.89] 

1 

1 

17.39] 

-20.34 

25.  ] 

19. 

1  LOWER  X  AXIS 

0.951 

23.44] 

-4.38 

15. 1 

56. 

1  X  AXIS  SUM 

1.84] 

31.68] 

-13.02 

26.  ] 

30. 

Page  1  of  2 


DP2  STUDY  TEST:  2678  SUBJ:  ADAM-L  WT:  216.0  NOM  G:  10.0  CELL:  B 


r 

1 

DATA  ID 

1 IMMEDIATE 

1  PREIMPACT 

MAXIMUM  1 
VALUE  1 

MINIMUM 

VALUE 

TIME  OF  1  TIME  OF 
MAXIMUM! MINIMUM 

1 

ILAP  FORCES  (LB) 

1  LEFT  X  AXIS 

1 

1 

1  -18.08 

2.02 

-28.23 

46. 

175. 

LEFT  y  AXIS 

1  1.21 

5.20 

-8.85 

31. 

41. 

LEFT  Z  AXIS 

1  -25.40 

16.94 

-34.73 

17. 

168. 

LEFT  RESULTANT 

1  31.21 

1 

44.89 

3.76 

175. 

38. 

RIGHT  X  AXIS 

1  -23.23 

2.86 

-28.90 

28. 

164. 

RIGHT  Y  AXIS 

1  -2.71 

9.82 

-6.24 

31. 

41. 

RIGHT  Z  AXIS 

1  -25.57 

19.25 

-29.46 

16. 

170. 

RIGHT  RESULTANT 

1  34.66 

1 

41.37 

5.27 

170. 

28. 

1 

|SEAT  FORCES  (LB) 

1  LEFT  X  AXIS 

1 

1 

1  0.58 

43.65 

-99.98 

9. 

46. 

1 

RIGHT  X  AXIS 

1  -1.08 

99.12 

-123.27 

28. 

45. 

1 

X  AXIS  SUM 

1  -0.51 

1 

106.86 

-221.00 

28. 

45. 

1 

1 

Y  AXIS 

1  -2.40 

1 

100.03 

-68.17 

35. 

20. 

1 

1 

LEFT  Z  AXIS 

1  -3.53 

339.78 

-3.53 

32. 

0. 

1 

RIGHT  Z  AXIS 

1  -5.27 

277.98 

-6.00 

32. 

0. 

1 

CENTER  Z  AXIS 

1  44.09 

1615.65 

49.11 

101. 

0. 

1 

Z  AXIS  SUM 

1  35.29 

2058.61 

39.58 

105. 

0. 

1 

1 

RESULTANT 

1  35.45 

2059.68 

40.81 

105. 

0. 

1 

Z  SUM  MINUS  TARE 

1  54.74 

1921.46 

19.16 

101. 

3. 

1 

RESULTANT  MINUS  TARE 

1  54.76 

1 

1921.94 

19.77 

101. 

3. 

1 

lADAM  NECK  FORCE  (LB) 

1  X  AXIS 

1 

1 

1  -6.18 

33.58 

-24.53 

37. 

177. 

Y  AXIS 

1  -2.35 

14.86 

-5.22 

108. 

15. 

Z  AXIS 

1  -10.341  151.37 

-12.99 

34. 

3. 

RESULTANT 

1  12.29 

1  152.87 

0.58 

34. 

350. 

ADAM  NECK  MY  (IN-LB) 

1  -2.751  60.14 

1  1 

-62.22 

36. 

46. 

ADAM  LUMBAR  FORCE  (LB) 

X  AXIS 

1  } 

1  1 

1  -6.00j  209.25 

-8.39 

106. 

0. 

Y  AXIS 

1  -2.191  24.72 

-21.92 

42. 

33. 

Z  AXIS 

1  -54.581  867.25 

-72.84 

34. 

168. 

RESULTANT 

I  55.21 

i  867.50 

1.54 

34. 

397. 

ADAM  LUMBAR  MY  (IN-LB) 

1  -7.53 

1  136.93 

-498.83 

31. 

107. 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2678  SUBJ:  RDFIM-L  CELL: 


GO 


in 


o 


LD 


LO 

I 


in 


in 


o 


LO 


o 

I 


o 

C\J 


o 


o 


LO 


LO 


o 

LO 

ZT 

o 

LO 

CO 

O 

LO 

C\J 

O 

LO 


LO 


O 

LO 

I 

O 

LO 


O 

LO 

zr 

o 

LO 

CO 

o 

LO 

C\J 

O 

LO 


O 

LO 


O 

LO 

I 

O 

LO 


O 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2678  SUBJ:  RDflM-L  CELL: 


77 


TIME  IN  MILLISECONDS 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2678  SUBJ:  flOflM-L  CELL: 
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TIME  IN  MILLISECONDS 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2678  SUBJ:  flOflM-L  CELL: 


81 


IME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2678  SUBJ:  RDRM-L  CELL: 


82 


-200.00 


DP2  STUDY  TEST:  2678  SUBJ:  flOflM-L  CELL: 


IN  MILLISECONDS 


DP2  STUDY  TEST:  2678  SUBJ:  flDHM-L  CELL: 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2678  SUBJ:  FIDflM-L  CELL: 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 

o 

• 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

zr 

ro 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

• 

• 

• 

• 

• 

• 

• 

• 

m 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

C\J 

OJ 

zf 

on 

(\J 

t  1 

1 

85 


IN  MILLISECONDS 


DP2  STUDY  TEST:  2678  SUBJ:  RDflM-L  CELL: 


ILLISECONDS 


DP2  STUDY  TEST:  2678  SUBJ:  RDflM-L  CELL: 


87 


DP2  STUDY  TEST:  2678  SUBJ:  flDflM-L  CELL: 


CD 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST!  2683  SUBJ:  C-9  WT:  202.0  NOM  G:  6.0  CELL!  A 


1  DATA  ID 

IMMEDIATE! 

PREIMPACT! 

MAXIMUM  1 
VALUE 

MINIMUM [TIME  OF 
VALUE  [MAXIMUM 

TIME  OFj 
MINIMUM! 

1  REFERENCE  MARK  TIME  (MS) 
|2.5V  EXT  PWR  (VOLTS) 

2.50 

2.50 

1 

1 

2.50[ 

-98. 

41. 

1. 

jlOV  EXT  PWR  (VOLTS) 

10.00 

10.00 

10.00[ 

1 

102. 

0. 

1  CARRIAGE  ACCELERATION  (G) 

1 

1 

12. 

17. 

j  X  AXIS 

0.00 

1.84 

-1.431 

1  y  AXIS 

-0.01 

0.82 

-0.26 [ 

56. 

9. 

1  Z  AXIS 

0.14 

5.99 

0.47[ 

102. 

0. 

i CARRIAGE  VELOCITY  (FPS) 

-18.43 

-1.18 

-19.25[ 

398. 

20. 

ISEAT  ACCELERATION  (G) 

1 

1 

12. 

57. 

j  X  AXIS 

0.00 

1.61 

-1.20[ 

1  y  AXIS 

0.11 

0.99 

-1.45[ 

25. 

12. 

1  Z  AXIS 

0.06 

7.00 

-0.15[ 

103. 

16. 

j  Z  AXIS  DRI 

-0.09 

7.41 

0.00[ 

1 

107. 

0. 

IHEAD  ACCELERATION  (G) 

I 

1 

139. 

1  X  AXIS 

-0.22 

0.88 

-1.12[ 

70. 

1  Y  AXIS 

0.15 

0.22 

-0.26[ 

0. 

86. 

1  Z  AXIS 

1.71 

9.03 

1.83[ 

93. 

0. 

1  RESULTANT 

1.73 

9.05 

1.84[ 

93. 

1. 

j  RY  (RAD/SEC2) 

54.74 

229.29 

-13.95[ 

1 

116. 

159. 

1  CHEST  ACCELERATION  (G) 

1 

I 

j  X  AXIS 

0.11 

1.64 

-0.15[ 

89. 

11. 

1  y  AXIS 

0.18 

0.41 

-0.54[ 

15. 

110. 

1  Z  AXIS 

-0.12 

6.95 

-0.01 [ 

99. 

5. 

j  RESULTANT 

0.26 

7.09 

0.21[ 

99. 

3. 

1  RY  (RAD/SEC2) 

-10.12 

189.41 

-186.351 

[ 

145. 

53. 

1  SHOULDER  STRAP  FORCES  (LB) 

1  X  AXIS 

-102.03 

-35.27 

1 

-151. 58[ 

505. 

114. 

1  Y  AXIS 

6.09 

15.65 

1.03[ 

88. 

339. 

1  Z  AXIS 

6.72 

50.46 

6.33[ 

114. 

3. 

1  RESULTANT 

102.44 

160.41 

35.99[ 

1 

114. 

505. 

[HEADREST  FORCES  (LB) 
j  UPPER  X  AXIS 

1.12 

1.12 

1 

1 

-7.40[ 

1. 

57. 

1  LOWER  X  AXIS 

0.27 

8.67 

-3.08[ 

60. 

58. 

j  X  AXIS  SUM 

1.39 

5.53 

-8.62[ 

60. 

57. 
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DP2  STUDY  TEST;  2683  SUBJ:  C-9  WT:  202.0  NOM  G;  6.0  CELL;  A 


1 

1 

DATA  ID 

IMMEDIATE 

PREIMPACT 

1  MAXIMUM 1  MINIMUM 

1  VALUE  1  VALUE 

|TIME  OF 
MAXIMUM 

TIME  OF 
MINIMUM 

1 

[LAP 

1 

FORCES  (LB) 

LEFT  X  AXIS 

-85.01 

-16.77 

-92.37 

487. 

5. 

1 

LEFT  Y  AXIS 

39.11 

42.15 

7.02 

1. 

469. 

1 

LEFT  Z  AXIS 

-128.64 

-23.49 

-136.23 

495. 

1. 

1 

1 

LEFT  RESULTANT 

159.07 

169.90 

30.17 

5. 

495. 

1 

1 

RIGHT  X  AXIS 

-74.52 

-15.88 

-77.14 

493. 

0. 

1 

RIGHT  Y  AXIS 

-31.06 

-3.44 

-32.11 

478. 

0. 

1 

RIGHT  Z  AXIS 

-105.50 

-19.53 

-111.12 

477. 

2. 

1 

1 

RIGHT  RESULTANT 

1 

132.85 

139.03 

25.40 

2. 

493. 

|SEAT  FORCES  (LB)  | 

1  LEFT  X  AXIS  1 

20.46 

39.36 

12.43 

23. 

98. 

RIGHT  X  AXIS  1 

-0.46 

19.17 

-5.02 

61. 

204. 

X  AXIS  SUM  1 

20.00 

50.56 

16.45 

13. 

7. 

Y  AXIS  1 

-2.44 

1.18 

-18.82 

87. 

345. 

LEFT  Z  AXIS  1 

81.61 

317.14 

54.25 

79. 

413. 

RIGHT  Z  AXIS  1 

13.65 

176.63 

15.71 

79. 

0. 

CENTER  Z  AXIS  j 

154.32 

1037.77 

148.82 

96. 

374. 1 

Z  AXIS  SUM  1 

249.58 

1512.89 

218.78 

88. 

509. 1 

RESULTANT  | 

250.40 

1513.11 

220.11 

88. 

1 

509. 1 

Z  SUM  MINUS  TARE  1 

267.03 

1415.14 

222.291 

96. 

509. 1 

RESULTANT  MINUS  TARE  \ 

267.78 

1415.361 

222.911 

96. 

509.1 
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DP2  STUDY  TEST:  2683  SUBJ:  C-9  CELL: 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2683  SUBJ:  C-9  CELL: 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2683  SUBJ:  C-9  CELL: 
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TIME  IN  MILLISECOND 


DP2  STUDY  TEST:  2683  SUBJ:  C-9  CELL: 


cr 


95 


TIME  IN  MILLISECONDS 
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TIME  IN  MILLISECOND 


DP2  STUDY  TEST:  2683  SUBJ:  C-9  CELL: 


IME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2683  SUBJ:  C-9  CELL: 
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TIME  IN  MILLISECONDS 


4000.00-1  SEAT  RES 


102 


-2000.0 


DP2  STUDY  TEST:  2735  SUBJ:  S-13  WT:  186.0  NOM  G:  10.0  CELL:  B 


DATA  ID  1 IMMEDIATE 1 

1  PREIMPACT 1 

MAXIMUM  1 
VALUE  1 

MINIMUM! 
VALUE  1 

TIME  OP  1 TIME  OPj 
maximum! MINIMUM! 

REFERENCE  MARK  TIME  (MS) 
2.5V  EXT  PVR  (VOLTS) 

2.50 

2.50 

2.49 

-154. 

10. 

23. 

lOV  EXT  PWR  (VOLTS) 

10.00 

10.00 

10.00 

0. 

4. 

CARRIAGE  ACCELERATION  (G) 

-10.32 

18. 

25. 

X  AXIS 

0.03 

3.67 

Y  AXIS 

-0.16 

16.87 

-8.62 

22. 

18. 

Z  AXIS 

0.03 

11.34 

0.32 

15. 

0. 

CARRIAGE  VELOCITY  (FPS) 

-26.48 

-1.19 

-26.95 

363. 

3. 

SEAT  ACCELERATION  (G) 

-2.33 

17. 

21. 

X  AXIS 

-0.01 

5.24 

Y  AXIS 

0.06 

2.59 

-1.26 

31. 

61. 

Z  AXIS 

-0.08 

17.87 

-2.76 

18. 

24. 

Z  AXIS  DRI 

-0.12 

7.85 

-0.13 

48. 

0. 

HEAD  ACCELERATION  (G) 

X  AXIS 

-0.05 

2.56 

-2.05 

29. 

128. 

Y  AXIS 

-0.01 

0.89 

-0.10 

101. 

164. 

Z  AXIS 

0.32 

9.51 

0.02 

25. 

0. 

RESULTANT 

0.38 

9.72 

0.26 

25. 

2. 

RY  (RAD/SEC2) 

30.71 

331.71 

-227.28 

54. 

30. 

CHEST  ACCELERATION  (G) 

2.46 

-1.21 

85. 

51. 

X  AXIS 

1  -0.06 

Y  AXIS 

1  0.06 

1.03 

-1.04 

67. 

43. 

Z  AXIS 

1  -0.20 

9.46 

-0.26 

93. 

0. 

RESULTANT 

1  0.24 

9.56 

0.08 

93. 

4. 

RY  (RAD/SEC2) 

1  -10.40 

999.31 

-1083.80 

41. 

18. 

SHOULDER  STRAP  FORCES  (LB) 

X  AXIS 

1  -117.19 

-33.06 

-183.58 

449. 

50. 

Y  AXIS 

1  5.76 

16.99 

-2.32 

23. 

26  • 

Z  AXIS 

1  26.071  92.12 

12.68 

102. 

409. 

RESULTANT 

1  120.19 

1 

1  199.31 

1 
i 

35.531  50. 

I 

449. 

HEADREST  FORCES  (LB) 

1 

1 

1 

1 

1  -27.93 

1 

1  33. 

20. 

UPPER  X  AXIS 

1  1.911  9.19 

LOWER  X  AXIS 

1  7.901  26.02 

1  -9.84 

1  15. 

30. 

X  AXIS  SUM 

1  9.811  24.74 

1  -24.361  13. 

41. 

Page  1  of  2 


103 


DP2  STUDY  TEST:  2735  SUBJi  S-13  WTi  186.0  NOM  G:  10.0  CELL:  B 


DATA  ID 

1  IMMEDIATE  1  MAXIMUM 
1  PREIMPACT  1  VALUE 

MINIMUM  1 TIME  OP 
VALUE  (MAXIMUM 

TIME  OP 
MINIMUM] 

LAP  FORCES  (LB) 

1 

LEFT  X  AXIS 

-76.62 

-22.08 

-89.28 

442. 

51. 

LEFT  Y  AXIS 

44.54 

47.31 

12.19 

47. 

21. 

LEFT  Z  AXIS 

-136.29 

-33.01 

-136.35 

20. 

0. 

LEFT  RESULTANT 

162.58 

162.85 

41.54 

0. 

447. 

RIGHT  X  AXIS 

-87.90 

-29.00 

-101.60 

449. 

48. 

RIGHT  Y  AXIS 

-43.41 

-9.27 

-44.82 

434. 

0. 

RIGHT  Z  AXIS 

-134.65 

-35.19 

-136.53 

18. 

0. 

RIGHT  RESULTANT 

166.56 

169.69 

46.53 

1. 

449. 

SEAT  FORCES  (LB) 

LEFT  X  AXIS 

44.65 

187.46 

-11.15 

20. 

39. 

RIGHT  X  AXIS 

16.57 

101.35 

-24.24 

14. 

66. 

X  AXIS  SUM 

61.22 

242.72 

-20.54 

20. 

117. 

Y  AXIS 

-9.21 

42.32 

-103.53 

39. 

19. 

LEFT  Z  AXIS 

-4.21 

222.99 

-30.62 

103. 

25. 

RIGHT  Z  AXIS 

-5.75 

227.50 

-9.15 

86. 

14. 

CENTER  Z  AXIS 

312.61 

1398.57 

198.80 

81. 

333. 

Z  AXIS  SUM 

302.65 

1811.76 

246.38 

81. 

445. 

RESULTANT 

308.98 

1811.76 

246.38 

81. 

446. 

Z  SUM  MINUS  TARE 

322.71 

1671.01 

248.49 

81. 

446. 

RESULTANT  MINUS  TARE 

328.47 

1671.04 

248.49 

81. 

446. 
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IN  MILLISECONDS 


DP2  STUDY  TEST:  2735  SUBJ:  S-13  CELL: 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2735  SUBJ:  S-13  CELL: 


107 


TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2735  SUBJ: 


o 

in 
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TIME  IN  MILLISECONDS 


TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2735  SUBJ:  S-13  CELL: 


CD 


no 


TIME  IN  MILLISECONDS 


IN  MILLISECONDS 


LEFT  LRP  Z  (LB) 


DP2  STUDY  TEST:  2735  SUBJ:  S-13  CELL: 


oo 
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TIME  IN  MILLISECONDS 
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500. 00 H  500.00 


2500. 00 n  RT  SEAT  Z  (LB)  4000. 00 n  SEAT  PAN  Z  SUM  (LB) 


MILLISECONDS 


DP2  5TUDT  TEST:  2735  SUBJ:  S-13  CELL: 


TIME  IN  MILLISECONDS 
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TIME  IN  MILLISECONDS 


DP2  STUDY  TEST;  2699  SUBJt  L-9  WT;  155.0  NOM  G;  8.0  CELL:  C 


DATA  ID  1  IMMEDIATE! 

1  PREIMPACT 1 

MAXIMUM 

VALUE 

MINIMUM 

VALUE 

TIME  OF 
MAXIMUM 

TIME  0P| 
MINIMUM 

REFERENCE  MARK  TIME  (MS) 
2.5V  EXT  PVR  (VOLTS) 

2.50 

2.50 

2.50 

-130. 

398. 

12. 

lOV  EXT  PVR  (VOLTS) 

10.00 

10.00 

10.00 

17. 

65. 

CARRIAGE  ACCELERATION  (G) 

-2.29 

16. 

21. 

X  AXIS 

-0.06 

2.52 

Y  AXIS 

-0.08 

1.47 

-1.07 

41. 

13. 

Z  AXIS 

0.10 

7.97 

0.51 

69. 

0. 

CARRIAGE  VELOCITY  (FPS) 

-22.64 

-1.13 

-23.24 

388. 

8. 

SEAT  ACCELERATION  (G) 

-1.95 

15. 

20. 

X  AXIS 

-0.09 

2.17 

Y  AXIS 

0.00 

1.97 

-2.82 

12. 

20. 

Z  AXIS 

-0.03 

9.11 

0.04 

94. 

20. 

Z  AXIS  DRI 

-0.02 

10.35 

-0.75 

98. 

173. 

HEAD  ACCELERATION  (G) 

139. 

115. 

X  AXIS 

-0.16 

2.10 

-3.41 

Y  AXIS 

0.11 

1.80 

-1.27 

142. 

190. 

Z  AXIS 

-0.23 

11.91 

-0.28 

84. 

0. 

RESULTANT 

0.31 

11.98 

0.27 

84. 

5. 

RY  (RAD/SEC2) 

45.48 

330.79 

-149.28 

22. 

CHEST  ACCELERATION  (G) 

X  AXIS 

-0.07 

3.08 

-0.56 

78. 

17. 

Y  AXIS 

0.101  0.74 

-1.15 

22. 

96. 

Z  AXIS 

-0.14 

1  11.05 

-0.86 

82. 

25. 

RESULTANT 

0.19 

1  11.46 

0.14 

83. 

0. 

RY  (RAD/SEC2) 

-17.33 

)  127.76 

1 

-229.77 

105. 

18. 

SHOULDER  STRAP  FORCES  (LB) 

X  AXIS 

1  1 

1  -50.86)  -31.28 

-104.58 

389. 

84. 

Y  AXIS 

1  3.06)  17.06 

0.68 

78. 

15. 

Z  AXIS 

1  14.11 

)  83.17 

12.56 

87. 

351. 

RESULTANT 

52.88)  132.92 

)  ) 

)  ) 

)  16.71)  18.49 

33.75 

87. 

458. 

HEADREST  FORCES  (LB) 

UPPER  X  AXIS 

-9.51 

1. 

73. 

LOVER  X  AXIS 

)  11.36)  43.85 

0.57 

56. 

110. 

X  AXIS  SUM 

)  28.07)  49.51 

-4.68 

140. 

110. 

Page  1  of  2 


117 


DP2  STUDY  TEST!  2699  SUBJ:  L-9  WT:  155.0  NOM  G:  8.0  CELL:  C 


DATA  ID 

■IMMEDIATE 
1  PREIMPACT 

MAXIMUM 

VALUE 

1  MINIMUM) TIME  OP) TIME  OP 
j  VALUE  ) MAXIMUM) MINIMUM j 

LAP  FORCES  (LB) 

LEFT  X  AXIS 

1  1 

1 

1  -34.441  -16.80 

-63.85 

465. 

90. 

LEFT  Y  AXIS 

20.18 

)  29.57 

8.50 

13. 

350. 

LEFT  Z  AXIS 

-56.92 

)  -25.18 

-67.46 

449. 

89. 

LEFT  RESULTANT 

69.53 

)  96.47 

1 

31.44 

90. 

465. 

RIGHT  X  AXIS 

-38.88)  -19.42 

-69.33 

339. 

89. 

RIGHT  Y  AXIS 

-28.07)  -12.46 

-41.13 

440. 

86. 

RIGHT  Z  AXIS 

-63.05 

1  -26.78 

-69.65 

455. 

0. 

RIGHT  RESULTANT 

79.221  106.53 

t 

35.34 

89. 

462. 

SEAT  FORCES  (LB) 

LEFT  X  AXIS 

20.56 

I 

61.13 

-3.95 

48. 

98. 

RIGHT  X  AXIS 

6.65 

43.74 

-28.85 

16. 

21. 

X  AXIS  SUM 

27.21 

94.77 

-29.44 

16. 

104. 

Y  AXIS 

0.25 

103.53 

-61.14 

96. 

22.) 

LEFT  Z  AXIS 

-5.25 

233.14 

-8.10 

78. 

) 

1- 

RIGHT  Z  AXIS 

-3.22 

239.86 

-6.25 

67. 

0.) 

CENTER  Z  AXIS 

108.37 

1350.45 

125.82 

85. 

0. 

Z  AXIS  SUN 

99.90 

1782.78 

114.56 

77. 

0. ) 

RESULTANT 

103.56 

1785.42 

117.39 

77. 

) 

!• 

Z  SUM  MINUS  TARE 

119.04 

1650.42 

130.16 

79. 

!• 

RESULTANT  MINUS  TARE 

122.13 

1650.50 

132.59 

79. 

1- j 
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DP2  STUDY  TEST:  2699  SUBJ:  L-9  CELL: 


119 


TIME  IN  MILLISECONDS 


120 


-lO.OOH - ^ - 1 - ^ ^ - 1 - ,  -5.00 


10.00-]  SEAT  T  (G)  20.00n  SEAT  Z  DRI 


TIME  IN  MILLISECONDS 


ERD  Z 


70  27 


122 


TIME  IN  MILLISECONDS 


TIME  IN  MILLISECONDS 


DP2  STUDY  TEST:  2699  SUBJ:  L-9  CELL: 


I ME  IN  MILLISECONDS 


IN  MILLISECONDS 


127 


-200. 00  H - ^ ^ - 1 - ^ - r - !  -200.00 


DP2  STUDY  TEST:  2699  SUBJ:  L-9  CELL: 


IN  MILLISECONDS 


TIME  IN  MILLISECONDS 


